The history of the combustion engine as a propulsion source for mobile applications is a true success story. Over the last 140 years, however, the negative effects of the widespread use of internal combustion engines have also become apparent. Engineers have continuously improved the combustion engine and optimized every little piece of this incredibly complex machine. With every single innovation, engines have become more efficient and reliable while producing less unwanted noise and harmful pollutants.
Today, the developers of combustion engines are facing enormous challenges, such as the requirement for drastic lowering of CO 2 emissions. Harmful emissions during real-world driving are in the spotlight of the public and politicians, and in several regions even a ban on vehicles with combustion engines is being discussed. In this context, both the reduction in pollutant emissions and the use of fossil fuels are seen as absolutely binding targets.
Despite the trends for electrification and hybridization, most of the mobile powertrains will still contain a combustion engine for the next decades. The application of alternative fuels allows a CO 2 -neutral alternative. Renewable electricity and bio-based carbon feedstocks can be used to provide high-density liquid energy carriers, which enables innovative engine concepts for highly efficient and clean combustion.
To meet the increasing demands and to exploit the full potential, innovative solutions for mobile propulsion and combustion engines must be developed. New sensor and actuator techniques not only allow greater flexibility concerning process control but also lead to higher complexity in future powertrains. The process management of these increasingly complex systems has become a key factor in engine research and development. Novel software algorithms and closed-loop control concepts make it possible to make use of unrealized potential and gradually extend the technical limits. In order to develop optimal solutions, highly interdisciplinary approaches and a strong cooperation between academia and industry are necessary.
The annual Symposium for Combustion Control (SCC) was established in 2014 and covers innovative concepts ranging from fundamental research to production of compatible solutions. The key to the success of SCC may lie in the careful balance between work on the fundamentals of combustion engines, novel control concepts and innovative methods that enable hardware systems to reach their full potential. The joint activity with the International Journal of Engine Research started in 2016 1 and underlined the scientific quality and the high technical relevance of the presented work.
All in all, 9 of the 37 papers presented at the conferences in 2017 and 2018 were selected to make this special issue, a difficult decision considering the high quality of the presented papers. The Scientific Committee, consisting of 13 renowned experts in the field of engine research and combustion control, supported the selection prior to the IJER Peer Review process.
The paper selection covers the main topics of the SCC, from advanced control concepts 2-4 to application-oriented papers with on-road vehicle validation 5, 6 or detailed engine process control. [7] [8] [9] [10] Innovative sensor and actuator technologies do not only enable greater flexibility in process control but also lead to greater complexity in future drive trains. For better knowledge of the system states, the concept of a ''soft-sensor'' gets a lot of attention, due to the possibility to reduce the hardware complexity and cost. Escobar-Valdivieso et al. 5 showed using the example of a virtual NO x sensor the measured in-cylinder pressure traces as a consistent progression of the work on robust cylinder pressure estimation. 11 Yamasaki et al. 2 applied a multiple input, multiple output (MIMO) controller to a Diesel engine with multiple injections and showed very good reference tracking with a feed forward approach. The intrinsic nonlinear behavior of the engine process was investigated by Nuss et al., 4 Sowman et al. 3 and Ritter et al. 12 by applying model predictive control approaches for the examples of selective catalytic reduction (SCR) aftertreatment and gasoline-controlled autoignition. Also, Gordon et al. 10 and Wick et al. 13 have investigated new control approaches for the homogeneous charge compression ignition (HCCI) process. Their work focused on closing the control loop by using ultra-fast field-programmable gate arrays (FPGAs) within a combustion cycle. 10, 13 This extended the in-cycle control approach presented in the contribution of Liu et al. 14 Another very important aspect of control development always lies on the process simulation. The contribution of Franken et al. 9 presented a stochastic reactor model with tabulated chemistry. It was shown that it can be used for a simulative analysis of innovative combustion principles such as water injection and that it can be executed with low computational costs.
Alternative fuels have a great potential to reduce the environmental impact of mobility. Korkmaz et al. 7 have presented the effects of injection strategy on performance and emissions metrics in a dual-fuel compression ignition engine and identified a highly nonlinear dependency between combustion phasing and injection timing.
Finally, the potential of connectivity and the availability of look-ahead information were investigated by Vagnoni et al. 6 An impressive improvement of the tradeoff between fuel efficiency and emissions was demonstrated by realistic driving profiles. This leads to the conclusion that connectivity and also autonomous driving give another degree of freedom to reduce emissions and to further improve the internal combustion engine.
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